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Sclerocephalus is one of the best-known 
limnarchian amphibians in the Lower Permian of 
Central Europe. The type species, S. haeuseri 
was described by Gold fuss (1847). but the 
holotype is lost (Boy, 1988), Sclerocephalus was 
described or referred to by several researchers 
{Ammon, 1889; Boy, 1976, 1988; Branco, IS87; 
Broili, 1908, 1926; Burmeistcr, 1850; Credner, 
1893; Fritsch, 1901: Hevler, 1975; Mever, 1857, 
1858; Romer. 1947, Wemeburg, 1983, 1989, 
1992). Three known species are: S. haeuseri 
Goldfuss, 1847, S', havaricus Branco, 1887 and S. 
jogischneideri Wemeburg, 1992. Other species 
referred to Sclerocephalus do not belong to that 
taxon, e.g. 'S.' latirosn is Jordan. 1849 (= 
Chelklerpeton Jatirostre sensu Boy, 1993), 'S. 
labyrinthicus Gcinitz. 1861 ( = Onchiodon 
labyrinthicus sensu e.g. Watson. 1919) and "S ' 
credneti Fritsch, 1901 (- Onchiodon 
labyrinthicus sensu Wemeburg. 1993 and 
Capetus palustris sensu Sequeira & Milner. 
1993f On the other hand some larval individuals 
of Sclerocephalus where first misinterpreted and 
therefore described as or referred to other taxa. 
Romer (1939) first pointed out that 
Branchmsaurus amblystomus described by 
Credner (1882,1885, 1886, 1893) and Ammon 
(1889) belonged to Sclerocephalus (Credner*s 
specimens are today assigned lo Onchiodon 
(sensu Boy, 1990)). Later Boy (1972) recog¬ 
nised that Lepromphits levis Butman. 1928 (= 
Branchiosaurus levis in Watson, 1963) and 


Pelosaurus longisnthvus Theobald, 1958 may 
represent larval individuals of Sclerocephalus. 

Sclerocephalus had a wide palaeogeographieal 
distribution (Wemeburg, 1988) and is recorded 
throughout the Autunian. The oldest known 
species is & havaricus from the Altcnglan 
Formation (Lower Autunian) of Ohmbach 
(Rheinland Pflalz. SW Germany), It is 
represented by only one incomplete skeleton 
(MB Am.442) with a well-preserved skull. 

The type species S. haeuseri is best known and 
is represented by a large number of articulated 
skeletons, from the Saar-Nahe area in SW 
Germany (Rheinland Pfalz and the Saarland). 
Two subspecies were recognised by Roy (1988); 
S. h. haeuseri Goldfuss* 1847 and 5. h. jeeken- 
bachensis Boy. 1988. It is also the only species 
for which all ontogenetic stages are known 

New specimens, show ing different ontogenetic 
stages, have been found during the last decade. 
They also providc new data concerning diet. This 
paper characterises the stages of ontogeny of S. 
haeuseri and discusses its autecology. 

MATERIAL AND METHODS 

MATERIAL. PMNB uncataloged, PMNB 393, 
larval individuals, complete skeleton w ith soft 
tissue preservation, length 8.5 and 9.5cm; (• VIS 
307, larval individual, skull and pectoral girdle, 
skull length 16mm; PMNB 85, juvenile, com¬ 
plete skeleton with soft tissue preservation, len¬ 
gth 13cm; PMNB 308, 177 juveniles, complete 
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skeleton with soft tissue preservation, length 11 
and 12.5cm; PMNB 179, juvenile, skull and parts 
of the pectoral girdle, skull length 18mm; QMS 
24, juvenile, skull and parts of the pectoral girdle, 
skull length 25mm; QMS 228, 395, juveniles, 
complete skeleton with soft tissue preservation, 
length 14 and 24cm; GMS 394, juvenile, skull 
and anterior half of the body with soft tissue 
preservation, skull length 35mm; GMS 52, juv¬ 
enile, complete skeleton with soft tissue preserv¬ 
ation, length 30cm; PMNB 174, juvenile, almost 
complete skeleton with soft tissue preservation, 
length 22cm; GMS 396, PMNB 93, juvenile, 
complete skeleton with soft tissue preservation, 
length 26cm; PMNB 103, GMS 348, PMNB 
415, GMS226, PMNB GRE-1, juveniles, comp¬ 
lete skeleton with soft tissue preservation, length 
25,28,29, 30, 48cm, respectively; PMNB uncat¬ 
alogued, juvenile, complete skeleton with soft 
tissue preservation, length 26em; PMNB PDC 
327, adult, complete skeleton, length 74cm; 
PMNB BGC 69, adult, complete skeleton, length 
72cm; PMNB BGC 112, adult, complete skel¬ 
eton, length 79cm; BSPHG-1981 199, adult, skull 
and partial skeleton, skull length 16cm, PMNB 
BGC 112, late adult, complete skeleton, length 
182cm. GMS P/70, adult, isolated pelvis, length 
ca. 10cm. Private collection SKO, adult, 
complete skeleton, length 82cin. 

REFERRED MATERIAL. About 800 coprolites 
from PMNB, GMS, GPIM and SKO. 

LOCALITIES AND AGE. All larval and most of 
the juvenile specimens are from Rummclbach/ 
Gresaubach (Top L-0 10). One juvenile is from 
Gresaubach (PMNB GRE-1, Top L-O 10) and 
one from Worsbach (PMNB uncataloged, Top 
L-0 10). Adults are from Niederhausen an der 
Appel (PMNB PDC 327, L-0 8), Jeckcnbach 
(PMNB BGC 69, L-0 6), Odernheim (SKO 
uncataloged, L-O 6) and Raumbach (SKO no Nr., 
L-0 6). The oldest adult was found in Jeckcnbach 
(PMNB BGC 112, L-0 6). The isolated pelvis 
was found in St. Wendel (GMS P/70, L-0 5). The 
coprolites are from horizons Q 1 to L-0 10. In 
genera! the collecting horizons arc in the Lower 
Rotliegendes (Autunian of European strat¬ 
igraphy sensu Boy & Fichter or Gzehlian/Assel- 
ian in global stratigraphy sensu Deitze, 2000). 

METHODS. All specimens were drawn prop¬ 
ortionally from radiographs. For smaller 
individuals a WILD M-3 binocular with camera 
lucida was used. 


REPOSITORIES. BSPHG, Bayerische Staat- 
ssammlung fur Palaontologie und historische 
Geologie, Munich; PMNB, Pfalzmuseum fur 
Naturkunde, Bad Diirkheim; GMS, 
Geologisches Museum der Saarberge AG, 
Saarbrucken; GPIM, Geologisch- 
Palaontologisches lnstitut. University of Mainz; 
MB, Museum ftir Naturkunde, Berlin; SKO, 
private collection Kretschmer, Odernheim. 

ABBREVIATIONS. Geological . L-O, 
Lauterecken-Odernheim-Formation (current 
stratigraphy Lauterecken-Formation L-O 1 + 
L-O 2, Jeckenbach-Odemheim-Formation L-0 3 
- L-0 10(3 = lowcrmost/10 = uppermost). Q 
Quimbach-Formation (Q1 - lower/ Q2 = upper) 
(Dietze, 2000, fig. 1) Anatomical. Cl, clavicle; 
Cr, caudal rib; Ct, cleithrum; F, femur; Fi, fibula; 
H, humerus; 1, interclavicle; II, ilium; Is, ischium; 
Me, metacarpus; P, pelvis; Ph, phalanges; Pu, 
processus uncinatus; R, radius; Sc, scapula; St, 
stomach contents; Ti, tibia; U, ulna; Va, ventral 
armour, 

SYSTEMATIC PALAEONTOLOGY 

AMPHIBIA Linnaeus, 1758 
TEMNOSPONDYLI Zittel, 1888 
LIMNARCH1A Yates & Warren, 2000 
STEREOSPONDYLOMORPIIA 
Yates & Warren, 2000 

Superfamily ARCHEGOS A UROIDEA Meyer, 
1857 

FamilyACTINODONTIDAE Lydekker, 1885 
Sclerocepliiilus Goldfuss, 1847 

Selerocephalus haeuseri Goldfuss, 1847 

ADULT POSTCRAN1AL. Vertebral column of 
37-39 rhachitomous vertebrae (25 presacrals and 
12-14 caudals). Neural arches high, robust, with 
those of the atlas-axis-complex only visible in 
older adults. Neural spine of the fourth cervical 
vertebra somewhat shorter; feature of other 
tcmnospondyls such as Eryops (Moulton, 1974) 
and Balanerpeton (Milner & Sequeira, 1994). 
Transverse processes short but prominent, post- 
eroaterally directed, with large, vertical diapoph¬ 
yses. Pre- and postzygapophyses well-developed 
and about equal in size. 

Proximal articulation surface of ribs relatively 
broad, because of coossification of the capitulum 
and tuberculum. Ribs 2-14 with a prominent 
processus uncinatus close to their posterior 
margin (Fig. 5). These processus hook-like, 
contacting the anterior margin of the following 
rib. Ribs 2-4 longest. Following ribs taper 
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FIG. 1. Larval individual (PMNB uncataloged) in 
dorsal view. Scale-bar = lcrn. 


slightly in length back to 14-15 vertebra and then 
rapidly to the pelvis. Shoulder girdle of inter¬ 
clavicle (which is the central ventral element) 
and paired clavicles, scapulocoracoid and 
cleithrum. Interclavicle a relatively flat bone of 
rhombic shape; ventral surface with numerous 
cristae and furrows, running from the edges to the 
centre. Clavicles flat, triangular, medially curved 
in their ventral section, broadly contact the 
interclavicle; dorsal process with posteriorly 
directed tip contacting the ventral process of the 
cleithra; ventrolateral margin also with some 
furrows. Scapulocoracoids the most prominent 
bones of the shoulder girdle. Shoulder blade for¬ 
med as a broad, posteromedially directed, dorsal 
process, articulating with the clavicle antero- 
ventrally and with the cleithrum anterodorsally. 
Coracoid part of the scapulocoracoid ventrally on 
the postcroventral margin. Prominent glenoid 
surface in the posterior margin. Large 
supraglenoid foramen above the glenoid surface. 
Cleithra flat, arch-shaped, of triangular outline. 



FIG. 2. GrII-teeth fKiemenzahne’), which were 
attached at the ceratobranchial filaments. Scale-bar = 
1 mm 

contacting the scapula blade with their postero¬ 
medial margin, running ventrally out in a sharp 
process meeting the dorsal process of the clavicle 
in about the anterior mid-section of the scapula 
blade. 

Humerus robust, moderately elongated, with 
tetrahedal shape (Meckert, 1993 sensu Romer, 
1939) similar to the humerus of Eryops (Miner, 
1925);.proximal head prominently convex, 
above the processus latissiumus dorsi and the 
crista pectoral is posteriorly and the crista dorsalis 
anteriorly; distal surface anteroposteriorly 
expanded, bearing a relatively small processus 
supinator and somewhat larger cctcpicondylus 
anteriorly, as well as a very prominent 
entcpicondylus posteriorly. 

Radius and ulna relatively short elements; 
radius more robust, with slightly widened ends, 
with concave shaft; ulna more slender, with 
proximal pan bearing the olecranom widened 
somewhat medially directed; olecranom very 
prominent, only fully ossified in older adults. 

Manus well ossified in older adults, described 
in detail by Meckert, 1993. Phalangeal formula 
2/2/3/3. On the ventral part of the body, between 
the interclavicle and the pelvis, there is a compact 
ventral armour of epidermal scales. Boy (1988) 
and Broili (1926) described this armour in detail. 
Scales generally long and sharp in the midsection 
and oval or circular laterally. At the level of the 
forelimbs, there is a prominent recess on each 
side of the armour. Ossification of these scales 
had already started in the late larval stage, in 
individuals with a skull length of approximately 
20mm (Boy & Sues, 2000). 

Pelvis very robust; ilium its most prominent 
element; ventral part fan-shaped anteropost- 
criorly bearing most of the acetabulum; dorsal 
part elongate-rectangular, curved posteriorly. 
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FIG. 3. Juvenile individual (PMNB uncataloged) in ventral view. In this 
specimen, scales of paramblypterids are visible as stomach contents 


(St). Scale-bar=lcm. 

The ventral section of the pelvic-girdle consists 
of the pubis and ischium, which together 
represent a somewhat triangular shaped plate. 
Hind-limbs well-developed in adults. Femur 
massive, rectangular, clearly the largest element 
of the limbs; proximal end broadened and 
somewhat more prominent than the distal one. 
Fourth trochanter weakly developed, situated 
proximally, with distal half of shaft still robust, 
terminating in a relatively straight articulation 
surface. Tibia and fibula much shorter than the 
femur; fibula somewhat shorter than tibia. Tibia 
less robust, with slender distal portion, contacting 


the tibiale ventrally and the 
intermedium medially. Fibula 
massive, with expanded distal end 
with a medially directed tip. This 
tip touching the intermedium, 
while the medial margin contacts 
the fibulare. Metatarsals only 
visible in older adults. Tibiale, 
intermedium and fibulare very 
well-developed. Tibiale triang¬ 
ular, situated laterally, smallest of 
proximal metacarpals. Inter¬ 
medium oval, between tibiale and 
fibulare; fibulare situated med¬ 
ially, very prominent, roughly tri¬ 
angular. Phalanges rod-like, 
terminate in a claw-shaped 
phalanx. Phalangeal formula 
varies between 2/2/3/3/3 and 
21212/313. 

ONTOGENY 

Four ontogenetic stages (larval, 
juvenile, adult and late adult) are 
characterised by features of the 
postcranial skeleton. The pectoral 
girdle has already been described 
by Meckert (1993) and the 
cranium by Boy (1988). 

LARVAL STAGE (skull length 
0.8-2.5cm). The basis for larval 
anatomy is an 8cm long specimen 
(PMNB uncataloged) (Fig. 1) with 
well-preserved body outlines and 
carbonaceous imprints of the 
external gill. The basibranchiale 
was probably cartilaginous. It 
ossifies in the juvenile stage and is 
prominently developed in adults 
(Boy, 1972, 1988; Boy & Sues, 
2000). The ceratobranchials were 
arranged in up to 4 rows and 
situated laterally at the level of the shoulder 
girdle. They probably also consisted of cartilage, 
but had attached to them small bony plates, 
so-called gill-teeth fKiemenzahne 1 after Boy, 
1972) (Fig. 2). Each gill-tooth had approx¬ 
imately 5 spinc-like denticles, which vary by 1-2 
spines. Similar structures are known in 
Micromelerpeton (Boy, 1995) and Gerrothorcix 
(Nilsson, 1946). The hypobranchials, hypohyals 
and ceratohyals were not preserved. 

The limbs are conspicuous but only slightly 
ossified in the Bad Durkheim specimen. The 
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humerus is very short and nearly 
quadratic; the radius and ulna are 
weakly developed, hut the radius 
is longer. Elements of the manus 
are not recorded and were 
probably cartilaginous. The femur 
is rectangular in lateral view, 
relatively short, very robust and 
longer than the less developed 
tibia and fibula. Elements of the 
pcs are badly preserved. The 
eentra are rhaehitomous and bear 
paired neural arehes with low 
neural spines (Boy, 1972). Ribs of 
vertebrae 1-14 are ossified, 
rod-like and slightly broadened 
proxinially. Capitulum and 
tuberculum not clearly developed. 
The sacral rib is slender. Caudal 
ribs have not been recorded. The 
pelvis is relatively weak and not 
as robust as the well-developed 
shoulder-girdle (Meckert, 1993). 
The tail oeeupies approximately 
50% of body length. No stomach 
eontents eould be found. 


FIG. 4. Adult individual (PMNB PDC-327) in dorsal view. Scale-bar 
5cm. 


JUVENILE STAGE (skull length 
3.5-7.5cm). Representative 
juvenile is a 26em long specimen 
with clearly visible body-outlines 
(PMNB uncataloged) (Fig. 3). 

The external gill has been lost and 
limbs are more ossified. The 
humerus shows no major 
differences to that in the larval 
stage. Radius and ulna are about 
as long as the humerus. Radius 
and ulna are approximately equal 
in length, but the radius is 
somewhat more robust. The 
femur is elongatc-reetangular 
with slightly expanded proximal and distal ends. 
It is clearly more robust and about twice as large 
as the tibia and fibula. The tibia is rod-shaped and 
slightly expanded distally. The metapodials are 
not ossified; phalanges are clearly visible. Claw- 
like terminal phalanges arc developed. GMS 394 
shows that the vertebrae are well-ossified and 
bear lower neural arches and spines as in adults. 
The ribs arc more robust than in the larval 
individual. The 2nd to 14th presaeral ribs are 
elub-like and broadened laterally. Between 12 
and 14 eaudal ribs are presented. The second and 
third ribs, distal to the sacral rib, are longest. The 


tail oeeupies about 45% of body length, but is 
shorter than in larval individuals. 

ADULT STAGE (skull length 9.5-16em). The 
representative adult is a w^ell-preserved skeleton 
74cm long (PMNB-PDC 327) (Fig. 4). In 
general, the body has become somewhat more 
eompact. The humerus is robust, but not as stout 
as in juveniles. Its proximal and distal ends are 
still cartilaginous (Broili, 1926; Boy, 1988). Ulna 
and radius are about equal in length, but the 
radius is more robust. In both, the shaft is 
inwardly eurved, with the ulna showing a more 
prominent in flexion. Phalanges are broader than 
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Cl + I? 

FIG. 5. Late adult individual (PMNB BGC-112) in lateral view. In this stage the ventral armour (Va) is clearly 
visible. Scale-bar = 20cm. 


in juveniles and still not completely ossified. 
Also the metacarpus is not completely ossified. 
The hind-limb elements are similar in shape to 
those in the juvenile specimens, but are more 
robust. Metatarsals are present. 


Vertebrae are well-developed. The pleuro- 
centra are slender and of rhachitomous shape 
(Schoch, 1999: 107). Boy (1988) described the 
intercentra as unpaired with a low semicircular 
shape and the neural arches as robust and 
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insects 



Paramblypterus 

Adult / Late Adult 



FIG. 6. Proposed food chain of Sclerocephalus in the larval, juvenile and adult/late adult stage. 


relatively high. This could also be observed on 
PMNB-PDC 327. 

All ribs are strongly developed and have a 
co-ossificd capitulum and tuberculum. This is 
especially visible in ribs 2-14 where the proximal 
ends are broadened into a club-like shape. These 
ribs bear a hook-like processus uncinatus 
posteriorly. In large individuals, there are lateral 
depressions on ribs 2-6. Pelvic- and shoulder- 
girdles are robust and the pelvis is now 
completely ossified. The tail is shorter than in 
juveniles. It occupies about40% of body-length. 

LATE ADULT STAGE (skull length >18cm). 
The late adult stage is based on PMNB-BGC 112 
(Fig. 5). In general the body is shorter than in 
earlier stages and all bones are well ossified. 
Humeri are robust and slightly elongated. 
Metapodials are completely ossified. Of the 
atlas-axis-complex only the neural arches are 
visible. Tuberosities on the proximal ends of the 
ribs change from being club- to bow-shaped and 
can be observed to rib 7 (but possibly extended to 
9). Also the lateral depressions, mentioned for 
the adults, can be recorded to ribs 7-9, and are 
deeper. The pelvis is extremely robust. The tail is 
shorter then in earlier stages, but does not differ 
much from that of adults (it also occupies 40% of 
body-length). 

HABITAT RECONSTRUCTION 

During the Lower Permian, the Saar-Nahe 
Basin in SW Germany was traversed by several 
river systems. In some areas water was trapped in 
low relief, forming lakes (Dictze, 1999). These 


lakes (Table 1) normally existed only for a 
relatively short geological period, but contained a 
well-balanced ecosystem (palaeocommunities 
after Boy, 1998 sensu Jarvinnen et al„ 1986), 
composed of large amphibians (e.g. the 
limnachian Archegosaurus ), small amphibians 
(c.g. the branchiosaurs Micromelerpeton and 
Apateon ), large fishes (e.g. the xenacanthodian 
freshwater sharks Xenacanthus and 
Orthacanthus ), small fishes (e.g. the amblypterid 
Paramblypterus or the acanthodian Acanthodes ), 
as well as a variety of different invertebrates (e.g. 
ostracods, bivalves, shrimps) (Boy, 1998). One of 
the larger lakes was Lake I lumber^ (L-O 10) that 
extended over an area of 3,400knf and deposited 
nearly the whole Saar-Nahe Basin (Stapf, 1990). 
Boy (1994) mentioned, that lake deposits from 
Lake llumbcrg can be divided into 4 phases. 

TABLE 1. Distribution of the ontogenetic stages of 
Sclerocephalus haeuseri in different lake localities 
(primary based on unpublished excavation reports of 
the Plalzmuscum lur Naturkunde, Bad Durkheim). 


Laver 

Lake 

Lake-size 

(km 2 ) 

Lanai 

JUV. 

Adult 

Late 

Adult 

L-O 10 

Rummelbach 
- Hum berg 

ca. 3400 

14 

ca. 100 

0 

0 

L-O 9 

Ruthweiler 

ca. 10 

71 

0 

0 

0 

L-O 8 

Odemheim 

ca. 760 

3 1 

ca.100 

2 

0 

L-O 7 

Jeckenbach- 

Heimkirchen 

ca. 230 

0 

4 

ca.50 

8 

L-O 6 

Niederkirchen 

ca^O 

0 

2 

2 

2 

02 

Quirnbach 

ca. 500 

0 

0 

0 

1 

Q1 

St Wendel 

ca. 40 

0 

2 

20 

3 
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Sclerocephalns is found (together with Para¬ 
mblypterus uvernoyi and Apateonpedestris) only 
in the first phase, when the Lake was deepest. In 
other lakes, such as in Lake Odernheim (L-O 8), 
Sclerocephalus was found together with the large 
branchiosaur Micronielerpeton (Boy, 1994) or 
with the small freshwater shark Triodus (Lake 
Klauswald, L-O 9, after Dietze, 1999). 

Boy (1988) concluded that juvenile Sclero¬ 
cephalus individuals might have liv ed in shallow 
lakes. We suggest that juvenile Sclerocephalus 
lived in large, relatively deep lakes of the 
Rumtnelbach-lluinberg type. Recent extensive 
excavations by the Pfalzmuseum llir Naturkunde 
in Bad Durkheim in the corresponding localities 
Gresaubach/Lebach and 1 lumberg/Odernheim 
(Top L-O 10) support this suggestion as only 
larval and juvenile individuals have been found. 
It therefore is suggested that these lakes were 
being used as spawning grounds whilst adult 
individuals lived in another environment. Also, 
this could explain why, in lakes where adult and 
late adult individuals are common, as in Lake 
Jeckcnbach (L-O 6) (Stapf, 1990), larval and 
juvenile individuals arc rare or absent. 

DIET DURING ONTOGENY 

As mentioned above, no stomach contents 
could be associated with the larval specimens. 
Most probably their diet consisted of plankton 
and malacostraeans (as the common Uronectes) 
or maybe small insects. Boy (1993) suggested 
that larval Sclerocephalus , similar to some recent 
amphibians could have caught its prey with a 
suck-snap method (Bramble & Wake, 1985). 
Juveniles caught large prey. As mentioned above, 
a complete, large Paramblypterus with its head 
folded backwards was found in the stomach of 
PMNB (uncataloged). Altogether 6 fish-bearing 
specimens were observed (only one in a public 
collection, PMNB, uncataloged, fig. 3); another 
one (GP1M-N 1166) was mentioned by Boy 
(1988). We therefore conclude that Sclero¬ 
cephalus swallowed these fishes whole. In 
numerous specimens, scales of paramblypterids, 
and also traces of small amphibians such as 
Apateon and Micronielerpeton , have been found. 
As a rarity, the stomach of 1 specimen (GMS, 
uncataloged) contained remains of a smaller 
Sclerocephalus . This is the first record of 
cannibalism in this taxon. 

Adult and late adult individuals were primary 
piscivores, in which Paramblypterus represents 
the common prey. Observations of stomach 
contents and a large number of coprolites show ed 


that smaller amphibians and probably smaller 
Sclerocephalus individuals also belonged to the 
prey. Acanthodians were never present as 
stomach contents or in the coprolites. These 
fishes were very common in the environment of 
Sclerocephalus and of moderate size, but had 
large spines anterior to their fins. It is possible 
that the more heavily built adult and late adult 
Sclerocephalus individuals mostly did not hunt 
actively, hut watched for prey next to the shore 
and caught them with the suck-snap method. If 
we accept this premise, Paramblypterus and 
small amphibians wx>uld have been an easier prey 
than the spine-bearing acanthodians. 

CONCLUSIONS 

In the first ontogenetic phases, Sclerocephalus 
haeuseri was well adapted to its aquatic habit. 


A 


B 



FIG. 7. Idealised reconstruction of the four ontogenetic 
stages: A, larval; B, juvenile: C, adult; and D, late 
adult. The right side of the body shows the dorsal 
bones, the left side shows the ventral elements. 
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which is especially perceptible in the slender 
shape of the body, the weakly ossified limbs and 
the long rudder-tail. Larval individuals are up to 
1 Ocm in length. Their jaws were not very strong 
and bore only slightly developed teeth (Boy, 

1988); therefore their diet must have consisted of 
plankton and probably insects or malacostracans. 

In the juvenile stage, individuals could reach to 
50cm long. They still had a slender body-shape 
and a long tail and probably were active hunters. 
Stomach contents and coproliles contain remains 
of paramblyplerids and small amphibians, 
including smaller individuals of Sclerocephalus. 
The prey was swallowed entirely. It is 
conspicuous that some lakes, especially those of 
the i Rummelbach-llumbcrg-Lake , type, nearly 
exclusively yielded larval and juvenile 
individuals (up to the late juvenile stage (= late 
t rnclamorphic , stage after Boy & Sues, 2000) or 
subadult stage (Table I). We therefore conclude 
that adult S. haeuseri might have changed their 
habit from fully aquatic to amphibious. Adults 
probably visited the habitat of the younger ones 
to spawn; therefore they are rarely recorded in 
these layers. According to Boy (1998) both 
juvenile and adult / late adult individuals w ere the 
so-called top-predators in their environment 
(Fig. 6). In Lake Niederkirchen Sclerocephalus 
shared this position with the freshwater shark 
Orthacanthits senckeubergensis. In Lake 
Humberg, as mentioned above, Sclerocephalus 
was only recorded in the first of 4 phases. In the 
second phase the position as top-predator was 
held by the freshwater shark Xenacanthus 
meisenheimensis (Boy, 1994), while in the fourth 
phase the top-predator position was shared by the 
archegosaur ids Archegosaurus and 
Chetiderpelon. The latter is the closest relative to 
Sclerocephalus (Yates & Warren, 2000) and is 
also known in different ontogenetic stages (Bov, 
1993; Steycr, 2000). 

In the adult/late adult stage, Sclerocephalus 
specialised on paramblyplerids, but also caught 
smaller amphibians such as Apaleon or 
Micromelerpeton . Although Acauthodes was 
very common in the lakes, it w'as not recorded in 
the stomach contents or coproliles and therefore 
probably was not preyed upon. The limbs were 
well ossified in the adult stage, so that these 
individuals also could have been terrestrial from 
time to time. 

ACKNOWLEDGEMENTS 

UL is grateful to Bernd Graumann (formerly 
Pfalzmuseum fur Naturkunde, Bad Dtirkheim), 


Klaus Kratschmer (Odernheim), Rainer Schoch 
(Slaalliches Museum fur Naturkunde, Stuttgart), 
and Jurgen Boy, Karl Slapf and Jahn Homung 
(University of Mainz) for fruitful discussions and 
access to the specimens under their care. SS 
thanks Scott Flocknull (Queensland Museum) 
and Anne Warren (La Trobe University, Melb¬ 
ourne) for helpful discussions during writing and 
for reviewing and commenting upon the 
manuscript, lie is also grateful to James Cox 
(Brisbane) for making the drawings of Fig. 6. 

LITERATURE CITED 

AMMON, L. v. 1889. Die permisehen Amphibien der 
Rheinpfalz. (Straub Verlag: Munich). 

BOY, J. A. 1972. Die Branchiosaurier (Amphibia) ties 
saarpfalzischen Rotliegenden (Perm, 
SW-Deutschland). Abhandlungen des hcssischcn 
Landesumtcs fur Bodenforschung 65: 1-137. 

1974. Die Larvcn der rhachitomcn Amphibien 
(Amphibia: Temnospondyli; Karbon-Trias). 
Palaoniologische Zcitschri ft 48: 236-268. 

1976. Uberbliek liber die Fauna des saarpfalzisehcn 
Rotliegenden (Unter-Perm). Mainzer 
gcowissenschaftlichc Mitteilungen 5: 13-85. 

1988. Uber einige Vertreter der Eryopidca 
(Amphibia: Temnospondyli) aus dem 
europaischen Rotliegend (?hoehstcs Karbon - 
Perm) 1. Sclerocephalus. Palaontolouische 
Zcitschri fi 62(1/2): 107-132. 

1990. Uber einige Vertreter der Eryopidea 
(Amphibia: Temnospondyli) aus dem 
europaischen Rotliegend (?hoehstes Karbon 
Perm) 3. Onchiodon . Palaontologische 
Zeitsehrift 64(3/4): 287-312. 

1993. Uber einige Vertreter der Eryopidea 
(Amphibia: Temnospondyli) aus dem 
europaischen Rotliegend (?hochstes Karhon - 
Perm) 4. CheJidcrpcton latirostrc . Palaont¬ 
ologische Zcitschri ft 62(1/2): 123-143. 

1994. Seen der Rotliegend-Zcii - Ein Lebensraum 
vor rund 300 Millionen Jahren in der Pfalz. Pp. 
107-116. In Koenigsw'ald, W.v. & Meyer, W. 
(eds) Erdgcschichte im Rheinland. (Verlag Dr 
Pfcij: Munich). 

1995. Uber die Micromelcrpetonlidae (Amphibia: 
Temnospondyli). 1. Morphologie und Palaookologie 
des Micromelerpeton credneri (Unler-Pcrm; 
SW-Dcutschland). Palaonlolouische Zeitschaft 
69: 429-457. 

1998. Mogliehkeiten und Grcnzen ciner Okosysicnv 
Rekonstruktion am Bcispiel des spatpalaozoisehen 
lakustrinen Palao-Okosvstems. Palaontologisehe 
Zeitsehrift 72(1/2): 207-240 
BOY, J.A. & FICHTER, J. 1982. Zur Straigraphie des 
saarpfalzisehcn Rotliegenden (?Ober-Karbon - 
Unter-Perm; SW-Deutschland). Zeitsehrift der 
deutsehen geologischen Gescllschalt 133:607-642. 
BOY, J.A. & SUES, ll.-D. 2000. Branchiosaurs: 
Larvae, metamorphosis, and heterochrony in 


780 


MEMOIRS OF THE QUEENSLAND MUSEUM 


temnospondyl and seymouriamorph amphibians. 
Pp. 1150-1197. In Heatwolc, H. & Carroll, R.L. 
(eds) Amphibian Biology Vol. 4 (Surrey Beatty & 
Sons: Chipping Norton). 

BRAMBLE, D.M. & WAKE, D,B. 1985. Feeding 
mechanics of lower tetrapods. Pp. 230-261. In 
Hildebrand, M., Bramble, D.M., Liem, K.F. & 
Wake, D.B. (eds) Functional Vertebrate 
Morphology (Belknap Press: Cambridge). 

BRANCO, W. 1887. Weissia bavarian g. n. sp. n., cin 
neuer Stegoccphale aus dem unteren 
Rothliegendcn. Jahrbuch der koniglisch 
Preussischen geologisehen Landesanstalt und 
Bergakadcmie Berlin 1 886: 22-39. 

BROILI, F. 1908. Ueber Scleroccphalus aus der 
Gaskohle von Niirschan und das Alter dicscr 
Ablagerungen. Jahrbuch der kaiserlisch 
koniglischen geologisehen Rcichsanstalt Wien 
58: 49-70. 

1926. Uber Scleroccphalus Hciuscri GOLDFUSS. 
Sitzungsberichte der Baycrischcn Akademie der 
Wisscnschaftcn, Mathematisch-naturwisscn- 
schaftliche Abteilung 1926: 199-222. 

BULMAN, O.M. 1928. Additional notes on some 
branchiosaurs from Odernhcim. Annals and 
Magazine of Natural Flistory 10: 250-255. 

BURMEISTER, H. 1850. Die Labyrinthodonten aus 
dem Saarbriieker Steinkohlengebirgc. (Berlin) 

CREDNER, H. 1882. Die Stegoccphalen und Saurier 
aus dem Rothliegendcn des Plauen' schen 
Grundcs bei Dresden. 111. Theil. Zcitschrift der 
deutsehen geologisehen Gesellschaft 34: 
213-237. 

1885. Die Stegocephalen und Saurier aus dem 
Rothliegenden des Plauen’ schen Grundes bei 
Dresden. V. Theil. Zcitschrift der deutsehen 
geologisehen Gesellschaft 37: 694-736. 

1886. Die Stegocephalen und Saurier aus dem 
Rothliegenden des Plauen’ schen Grundes bei 
Dresden. VI. Theil. Zcitschrift der deutsehen 
geologisehen Gesellschaft 38: 576-632. 

1893. Die Stegocephalen und Saurier aus dem 
Rothliegenden dcs Plauen' schen Grundes bei 
Dresden. X. Theil. Zcitschrift der deutsehen 
geologisehen Gesellschaft 45: 639-704. 

D1ETZE, K. 1999. Paramblyptcrus cluvenwyi 
(Actinoptcrygii): Skull morphology and 
intra-specific and its implications for the 
systcmatics of' paramblypterid fishes. Journal of 
Vertebrate Paleontology 19(2): 247-262. 

2000. A revision of paramblypterid and amblyptcrid 
actinopterygians from Upper Carboniferous - 
Lower Permian lacustrine deposits of Central 
Europe. Palaeontology 43(5): 927-966. 

FRITSCH, A. 1901. Fauna der Gaskohle und dor 
Kalksteine der Perm formation Bohmens. 4. 
Volume, (self published: Prague). 

GE1NITZ, H.B. 1861. Dyas, oder die 
Zcchsteinformation und das Rothliegenden. Heft 
1. Die animalischc Ueherreste der Dvas. 
VII-XVII1: 1-342. 


GOLDFUSS, G.A. 1847. Beitrage zur vorweltlichen 
Fauna des Steinkohlegebirges, Verhandlungen 
des naturhistorischcn Vercins fur Rheinlande und 
Westphalen: 1-27. 

HEYLER, D. 1975. Sur les Branchiosaurus et autres 
petits amphibiens apparentes de la Sarre et du 
bassin d’Autun. Bulletin Trimcstriel dc la Socicte 
d’FIistoire Naturelle et des Amis du Museum 
d’Autun 75: 15-27. 

JARVINNEN, O., BABIN, C., BAMBACH, R., 
FLUGEL, E„ FUR1SC11, F., FUTUYMA, D., 
NIKLAS, K., PANCHEN, A., SIMBERLOFF, 
D., UNDERWOOD, A. & WE1D1CF1, K. 1986. 
The neontologico-paleontological interface of 
community evolution: How do the pieces in the 
kaleidoscopic biosphere move? Pp. 331-350. In 
Raup. D.M. & Jablonski. D. (eds) Patterns and 
processes in the history of life (Springer-Verlag: 
Berlin). 

JORDAN, H. 1849. Erganzendc Beobachtungen zu der 
Abhandlung von GOLDFUSS uber die Gattung 
Arcliegosaurus. Verhandl ungen des 
naturhistorischen Vercins flir Rheinlande und 
Westphalen 6: 76-81. 

MECKERT, D. 1993. Der Schultergurtcl dcs 
Sclerocephalus haeusch GOLDFUSS, 1847 im 
Vergleich mit Ervops COPE, 1877 (Eryopidea, 
Amphibia, Perm). Palaeontographica (A)229: 
113-140. 

MEYER, H. v. 1857. Reptilicn aus der Steinkohlen- 
Formation in Deutschland. Palaeontographica 6: 
59-220. 

1858. Nachtrag zu den Reptilien aus der 
Steinkohlcn-Formation in Deutschland, 
insbesondcre zu Archcgosaurus la tiros iris. 
Palaeontographica 6: 219-220. 

MINER, R.W. 1925. The pectoral limb of Ervops and 
other primitive tetrapods. Bulletin of the 
American Museum of Natural History 51: 
145-312. 

MILNER, A.R. & SEQUEIRA, S.E.K. 1994. The 
temnospondyl amphibians from the Viscan of 
East Kirkton, West Lothian, Scotland. 
Transactions of the Royal Society of Edinburgh: 
Earth Sciences 84: 331-361. 

MOULTON, J.M. 1974. A description of the vertebral 
column of Eryops based on the notes and 
drawings of A.S. Romer. Breviora, 428: 1-44. 

NILSSON. T. 1946. A new find of Gerrothorax 
rhacticus Nilsson, a plagiosaurid from the Rhaetic 
of Scania. Lunds Universitet Arsskrift, N.F. 42: 
1-42. 

ROMER, A.S. 1939. Notes on branchiosaurs. 
American Journal of Sciences 237: 748-761. 

1947. Review of the Labyrinthodontia. Bulletin of 
the Museum of Comparative Zoology, 
Geological Scries 99: 1-368. 

SEQUEIRA, S.E. & MILNER, A. 1993. The 
temnospondlv amphibian Capetus from the 
Upper Carboniferous of Czech Republic. 
Palaeontology 36(3): 657-680. 


ONTOGENY OF SCLEROCEPHALUS HA ED SERI 


781 


SCHOCH, R.R. 1999. Comparative osteology of 
Mastodonsaurus gigcwteus (JAEGER, 1828) 
from the Middle Triassic (Lettenkeuper: 
Longobardian) of Germany (Baden- 
Wti intern berg, Bayern, Thiiringcn). Stuttgartcr 
Beitrage zur Naturkunde (B) 278: 1-175. 

STAPF, K.R. 1990. Fazics und Verbrcitung lakustriner 
Svsteme im Rotliegend des Saar-Nahe-Bee kens 
(S W-Deutschland). Main/er geowissen- 
sehaftliche Milteilungen 19: 213-234. 

STEYER, J.-S. 2000, Ontogeny and phylogeny in 
leitinospondyls: a new method of analysis. 
Zoological Journal of the Linncan Society 130: 
449-467. 

THEOBALD. N. 1958. Contribution a P etude des 
stegocephaes du Permien infericur de la Sarrc. 
Annales Universitatis Saravicnsis, Natur- 
wissenschaftlichc Rcihe (7)2: 192-210. 

WATSON, D.M.S, 1919. The structure, evolution and 
origin of the Amphibia. - The "order' Rhaehitomi 
and Stereospondyli. Philosophical Transactions 
of the Royal Society of London (B)209; 1-73. 

1963. On growth stages in branchiosaurs. 
Palaeontology 6: 540-553. 

WERNEBl RG R. 1983. Stegoeephalen (Rhaehitomi, 
Amphihia) aus deni hohen Unterrotliegendcn 


(Obcrhofer Schichten) des Thuringer Waldes. 
Frcibcrger Forschungshcife (C)3S4: 111-129. 

1988. Palaobiogeographie der labyrinthodonten 
Amphibien im Obcrkarhon und Rotliegcnden 
Mitteleuropas. Zeitschrift der geologischen 
WisscnschaRcn 16:929-932. 

1989. Labyrinthodontier (Amphibia) aus dem 
Oberkarbon und Untcrpcrm Mitteleuropas - 
Systematik. Phylogenie und Biostratigraphie. 
Freiberger Forschungshefle, Reihe(C)436: 7-57, 

1992. Sclerocephalus jogischneideri n. sp. 
(Eryopidea. Amphibia) aus dem Unter- 
rotliegenden (Unterpcrm) des Thuringer Waldes. 
Frcibcrger Forschungshcfte (C)445: 29-48. 

1993. Onchiodon (Eryopidac, Amphibia) aus dem 
Rotliegend dcs Innersudciischcn Bcckens 
(Bohmen). Palaontologischc Zcitschrift 67(3/4): 
343-355. 

YATES, A.M. & WARREN, A.A. 2000. The phylogeny 
of the ‘higher’ temnospondyls (Vertebrata: 
Choanata) and its implications for the monophyly 
and origins of the Stereospondyli. Zoological 
Journal of the Linncan Society 128: 77-121. 



